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Description 

Technical Field 

5 The present invention relates to a photosensitive resin composition and a photosensitive element structure com- 

prising the photosensitive resin composition. More particularly, the present invention is concerned with a photosensitive 
resin composition containing an anthraquinone dye capable of exhibiting a color change to produce a fresh color upon 
being irradiated with an ultraviolet ray of a wavelength in a specific range and of a quantity larger than a threshold 
value in the presence of a radical producer, and a photosensitive element structure comprising the composition. The 

10 photosensitive resin composition of the present invention is capable of exhibiting a color change to produce a fresh 
color upon being irradiated with an ultraviolet ray of a wavelength in a specific range which ray is irradiated in a quantity 
of larger than a threshold value in order to form an image and, hence, can advantageously be used for producing a 
photocured resin product, such as a printing plate and a resist, in which an image portion corresponding to an image- 
wise-exposed portion has a color which is different from the color of a non-image portion corresponding to an unexposed 

is portion. For example, in a printing plate produced from the photosensitive resin composition of the present invention, 
the relief portion (image portion) has a color which is different from the color of the non-image portion, to thereby provide 
a good contrast between the image portion and the non-image portion. Therefore, especially, the photosensitive resin 
composition of the present invention can advantageously be used for obtaining a flexographic printing plate which is 
greatly improved in working efficiency and accuracy for positioning, when the printing plate is mounted onto the cylinder 

20 of a printing machine. 

Background Art 

Conventionally, a rubber plate for use in flexographic printing has been produced by etching a metallic plate to 
2S produce an original plate, preparing a matrix plate from, e.g., a plastic by using the original plate, and pouring a rubber 
into the matrix plate, followed by pressing. However, this method has drawbacks in that numerous steps are needed, 
thus requiring too great a cost and too much time. In addition, this method also has drawbacks in that the produced 
rubber plate itself is low in thickness precision and, hence, it is necessary to raise the thickness precision by shaving 
the back side of the plate before use. 
so In order to solve this problem, there has recently been proposed a method of producing a flexographic printing 

plate directly from a photosensitive resin composition. According to this method, not only can the step for the above- 
mentioned shaving of the back side of the plate be eliminated, but also it is possible to obtain a printing plate capable 
of printing a pattern which is fine, as compared to a pattern which can be printed by the conventional rubber plate. 
The production of a printing plate from such a photosensitive resin composition is performed by irradiating a pho- 
3S tosensitive resin composition with actinic rays through a negative mask having a predetermined transparent pattern 
to thereby photocure only the resin portion exposed to rays in accordance with the transparent pattern, and then wash- 
ing out the non-exposed portion with a developer, thereby forming a "relief portion" corresponding to the exposed 
portion and a "non-image portion" corresponding to the non-exposed portion. The thus formed relief portion is utilized 
as a relief of a printing plate. 

40 A printing plate produced from a photosensitive resin composition, which plate is used in multicolor printing in 

many cases, has a disadvantage in that since the relief is transparent, the relief surface is difficult to distinguish, so 
that it is difficult to properly position a printing plate each time a printing plate is mounted onto the cylinder of a printing 
machine for printing an individual color. 

As a method for alleviating this drawback, it is conceivable to simply color the photosensitive resin composition. 

45 By this method, there can be produced a difference in color strength between the relief portion and the non-image 
portion due to the difference in thickness therebetween. However, this method has drawbacks in that the color of the 
relief portion is essentially the same as the color of the non-image portion, so that only little effect can be attained with 
respect to the improvement of working efficiency and accuracy for positioning when the printing plate is mounted onto 
the cylinder of a printing machine. Thus, for greatly improving working efficiency and accuracy for positioning in fitting 

so the printing plate to the cylinder of a printing machine, it is desired to provide a difference in color between the relief 
surface and the non-image portion. As a method for obtaining such a printing plate having different colors, reference 
is made to, for example, Japanese Patent Application Laid-Open Specification No. 58-125042, in which it is described 
that a mass of a photosensitive resin composition is inserted between a substrate and a multilayer cover element 
comprised of a cover film, a solvent-soluble polymer film and a photosensitive elastomeric composition containing a 

55 non-migratory dye having a contrasting color, and then subjected to calendering to thereby prepare a photosensitive 
structure, from which there can be obtained a printing plate having a relief surface portion (comprising a photocured 
elastomeric composition layer containing the non-migratory dye) having a color which is different from the color of the 
lower portion. However, this method has a drawback in that the photocured elastomeric composition layer containing 
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the non-migratory dye is likely to come off at its lower portion at the time of development, resulting in the formation of 
undesired bumps and dents on the relief surface. Thus, it is difficult to practically use the printing plate produced by 
this method. 

On the other hand, Japanese Patent Application Laid-Open Specification No. 62-229127 describes a structure 

5 prepared by disposing a dyed layer comprising a photo-discolorable dye and a binder polymer on a photosensitive 
layer. In the above-mentioned structure, the provision of the dyed layer is intended to cause a portion of the dyed layer, 
which corresponds to an image portion, to discolor upon exposure, thereby facilitating the cutting of a non-image portion 
which is to be conducted before development. The selection of an appropriate type of dye makes it possible for the 
discolored dyed layer to resume its original color after development and drying. This prior art reference contains a 

10 description that a portion of the dyed layer which corresponds to the non-image portion does not undergo discoloration 
and, hence, remains low in light transmission, thereby being less affected by scattered light or the like, while a portion 
of the dyed layer which corresponds to the image portion is caused to be high in light transmission due to discoloration, 
thereby enabling formation of an image of high fidelity to the original image in the photosensitive layer. However, in 
this prior art, during the storage of an uncured plate after the preparation thereof before the actual use thereof for being 

75 exposed, the dye is likely to migrate from the dyed layer to the photosensitive resin composition, so that in a photocured 
plate produced therefrom both of the relief surface and the non-image portion are colored with the dye. Thus, a satis- 
factory contrast cannot be obtained between the relief portion and the non-image portion. 

Further, Japanese Patent Application Laid-Open Specification No. 62-287234 describes a photosensitive resin 
layer obtained by uniformly incorporating a dye, which can discolor upon exposure to actinic radiation of ultraviolet or 

20 visible region and which can resume its original color upon development, into a composition comprising a polymer 
having rubber-like elasticity, an addition-polymerizable unsaturated monomerand a photopolymerization initiator. How- 
ever, also in this case, the ultimate plate has its entire portion colored with the same color, so that a satisfactory contrast 
cannot be obtained between the relief portion and the non-image portion. 

In this situation, the present inventor has made extensive and intensive studies with a view toward developing a 

25 method for obtaining a photocured resin product in which not only does a relief portion have a different color from the 
color of a non-relief portion, but also the contrast due to the color difference is stably maintained. As a result, it has 
been found that when an anthraquinone dye capable of exhibiting a color change to produce a fresh color upon being 
irradiated with an ultraviolet ray of a wavelength in the range of from 300 to 400 nm and of a quantity of larger than a 
threshold value in the presence of a radical producer capable of producing a free radical upon being irradiated with an 

30 ultraviolet ray having a wavelength in the range of from 300 to 400 nm, is incorporated into a photosensitive resin 
composition containing a radical producer and the photosensitive resin composition is irradiated with an ultraviolet ray 
of a quantity of larger than a threshold value through a negative mask having a transparent pattern, a photocured resin 
product is obtained having, formed therein, an image portion and a non-image portion which are different in color from 
each other and wherein the contrast between these portions due to the color difference is stably maintained. The 

35 present invention has been completed based on this finding. 

Accordingly, the present invention provides a photosensitive resin composition for producing a relief printing plate, 
comprising: 

(A) at least one polymer selected from the group consisting of a binder polymer, a prepolymer and a mixture thereof; 
40 (B) an ethylenically unsaturated compound; 

(C) a radical producer capable of producing a free radical upon being irradiated with an ultraviolet ray having a 
wavelength in the range of from 300 to 400 nm; and 

(D) from 0.001 to 2 % by weight, based on the weight of the photosensitive resin composition, of an anthraquinone 
dye capable of exhibiting a color change to produce a fresh color upon being irradiated with an ultraviolet ray 

45 having a wavelength in the range of from 300 to 400 nm in the presence of said radical producer (C), said color 

change to produce a fresh color exhibited by an anthraquinone dye being defined as an appearance of a new 
absorption peak in a 400 to 700 nm wavelength range of a visible absorption spectrum of the dye at a position 
distant by at least 40 nm from the absorption peak of the dye in an original state, 

so said radical producer (C) being at least one member selected from the group consisting of: a compound of formula 

0): 
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and a benzoin derivative, 

said dye (D) comprising at least one member selected from the group consisting of a compound of formula (III): 



or a derivative thereof, and compounds identified as Color Index No. C.I. Solvent violet 1 3, Color Index No. C.I. Solvent 
Blue 35, and Color Index No. CI Solvent Violet 33. 

The present invention also provides a photosensitive element structure having a photosensitive layer comprised 
of the above-mentioned photosensitive resin composition. 

The foregoing and other features and advantages of the present invention will be apparent to those skilled in the 
art from the following detailed description and appended claims. 

The anthraquinone dye used in the present invention (hereinafter frequently referred to as "photo-color-changeable 
dye 0 ) which is capable of exhibiting a color change to produce a fresh color upon being irradiated with a ray, is capable 
of exhibiting a color change to produce a fresh color upon being irradiated with an ultraviolet ray of a quantity of larger 
than a threshold value, to thereby provide a contrasting color difference between an exposed portion and an unexposed 
portion of a photosensitive resin composition. Accordingly, in the case where the photosensitive resin composition of 
the present invention is used for preparing a flexographic printing plate, when the photosensitive resin composition of 
the present invention is irradiated with an ultraviolet ray of a quantity of larger than a threshold value through a negative 
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mask having a transparent pattern, a formed relief portion corresponding to the exposed portion is caused to have a 
color which is different from the color of a formed non-image portion corresponding to the unexposed portion, so that 
a flexographic printing plate can be obtained which is good in contrast (hereinafter frequently referred to as "contrast 
of a plate face") between the relief portion and the non-image portion and, hence, is greatly improved in working 
efficiency and accuracy for positioning when the printing plate is mounted onto the cylinder of a printing machine. 

In the present invention, the terminology "color change to produce a fresh color" exhibited by an anthraquinone 
dye is defined as an appearance of a new absorption peak in a 400 to 700 nm wavelength range of a visible absorption 
spectrum of the dye at a position distant by at least 40 nm, preferably 60 nm, more preferably 80 nm, from the absorption 
peak of the dye in an original state. 

A printing plate can be prepared from the photosensitive resin composition of the present invention by the following 
manner. First, a substrate film optionally having an adhesive layer formed on its upper surface, a photosensitive resin 
composition and a cover sheet optionally having on its lower surface a protective polymer layer being soluble or dis- 
persible in a solvent capable of dissolving or dispersing an uncured photosensitive resin composition are disposed in 
this order to thereby prepare a photosensitive element structure. The thus prepared photosensitive element structure 
is then subjected to processing for preparing a printing plate. 

Generally, preparation of a printing plate from the photosensitive element structure is performed according to a 
process comprising uniform exposure (back exposure) over the substrate side, relief exposure, washing out of an 
uncured portion of the resin composition, drying, surface treatment for removing a surface tack and post-exposure. 
Therefore, a light quantity as a threshold value which is necessary for a photcncolor-changeable dye contained in the 
photosensitive resin composition to exhibit a color change to produce a fresh color only at a portion corresponding to 
a relief portion, is not only required to be greater than the sum of the light quantities given to the relief portion by the 
other exposures than the relief exposure, namely, the sum of the light quantities of the back exposure and post-expo- 
sure, but also required to be not greater than the sum of the light quantities given to the relief portion by all of the 
exposures, including the back exposure, relief exposure, post-exposure and the like. When the photo-color-changeable 
dye exhibits a color change at a light quantity which is not greater than the sum of the light quantities of the other 
exposures than the relief exposure, the non -image portion is caused to have the same type of color as the relief portion, 
so that the desired good contrast of a plate face cannot be obtained. On the other hand, when it needs a light quantity 
which is greater than the sum of the light quantities of all of the exposures for a photo-color-changeable dye to exhibit 
a color change to produce a fresh color, the relief portion cannot exhibit any color change, so that a good contrast of 
a plate face cannot be obtained. 

The anthraquinone dye used in the present invention, which is capable of exhibiting a color change to produce a 
fresh color upon being irradiated with an ultraviolet ray of a wavelength in the range of from 300 to 400 nm in the 
presence of a radical producer capable of producing a free radical upon being irradiated with an ultraviolet ray having 
a wavelength in the range of from 300 to 400 nm, satisfies the above-mentioned conditions with respect to the rela- 
tionship between the threshold light quantity value for exhibiting a color change upon being irradiating with an ultraviolet 
ray of a wavelength in the range of from 300 to 400 nm and the light quantity necessary for photocuring a photosensitive 
resin composition which is generally used for preparing a flexographic printing plate. A minimum light quantity (threshold 
value) required for exhibiting a color change can be changed by selecting the type and amount of a radical producer 
used in the photosensitive resin composition. The larger the amount of a radical producer, the smaller the light quantity 
required for exhibiting a color change. Thus, it is necessary to select the concentration of a dye and the concentration 
of a radical producer, taking into consideration the balance among the photo-color-change characteristics of a dye 
relative to the light quantity, the photosensitivity of the photosensitive resin composition, etc. 

As described above, the anthraquinone dye used in the present invention is a dye which is capable of exhibiting 
a color change to produce a fresh color upon being irradiated with an ultraviolet ray of a wavelength in the range of 
from 300 to 400 nm in the presence of a radical producer which is capable of producing a free radical upon being 
irradiated with an ultraviolet ray having a wavelength in the range of from 300 to 400 nm. Examples of such dyes, which 
have an anthraquinone skeleton, include Oplas Violet 730 and Oplas Blue 2N ((respectively Color Index No. C.J. 
Solvent Violet 13 and Solvent Blue 35, both manufactured by Orient Chemical Co., Ltd., Japan), Diaresin Blue G 
(equivalent to Oplas Violet 730) and Diaresin Blue J (Color Index No. C.I . Solvent Violet 33, manufactured by Mitsubishi 
Chemical Industries Ltd., Japan), Kayaset Green A-G (manufactured by Nippon Kayaku Co., Ltd., Japan) and the like. 
The anthraquinone dye (OPLAS, DIARESIN and KAYASET are Trade Marks) used in this invention is not limited to 
these examples. 

Among the anthraquinone dyes used in this invention, most suitable is a compound represented by the following 
formula (III), e.g., Kayaset Green A-G, or a derivative thereof, for example in which the benzene ring is substituted 
with an alky I group having 1 to 4 carbon atoms: 
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(III) 



The photo-color-changeable dye employed in the present invention is incorporated in an amount of from 0.001 to 
2 % by weight, preferably from 0.005 to 0.2 % by weight, based on the weight of the photosensitive resin composition. 
When the amount is less than 0.001 % by weight, a satisfactory contrast of a plate face cannot be obtained. On the 
other hand, when the amount is more than 2 % by weight, the photopolymerization rate of the photosensitive resin 
composition becomes too low due to an increase in ultraviolet-ray absorption by the dye, thus rendering it difficult to 
practically use the photosensitive resin composition. 

In the present invention, as polymer component (A), there can be employed, individually or in combination, con- 
ventional binder polymers having no polymerizable double bond in the molecule and conventional prepolymers having 
a polymerizable double bond in the molecule. 

Examples of binder polymers include crystalline 1 ,2-polybutadiene, an acrylonitrile-butadiene copolymer, and ther- 
moplastic block copolymers, such as a polystyrene-polybutadiene-polystyrene block copolymer and a polystyrene- 
poly isoprene-polystyrene block copolymer. 

These binder polymers are disclosed in publications, such as Japanese Patent Application Laid-Open Specification 
No. 47-37521 (corresponding to U.S. Patent No. 4323637), Japanese Patent Application Laid-Open Specification No. 

51- 106501 (corresponding to U.S. Patent No. 4045231), Japanese Patent Application Laid-Open Specification No. 

52- 64301 (corresponding to British Patent No. 1552653), Japanese Patent Application Laid-Open Specification No. 

53- 127004 (corresponding to U.S. Patent No. 4197130), Japanese Patent Application Laid-Open Specification No. 

54- 110287 (corresponding to U.S. Patent No. 4177074), Japanese Patent Application Laid-Open Specification No. 

55- 48744 (corresponding to U.S. Patent No. 4266005) and Japanese Patent Application Laid-Open Specification No. 
58-62640 (corresponding to U.S. Patent No. 4446220). 

As the binder polymer, a thermoplastic block copolymer, which has very excellent cold-flow resistance in an uncured 
state and rubbery elasticity in a cured state, is preferably employed in the photosensitive resin composition of the 
present invention when the composition is used for producing a flexographic printing plate. 

Examples of prepolymers include an unsaturated polyurethane and an unsaturated polyester which are modified 
at their respective terminals with acrylate or methacrylate groups. An unsaturated polyurethane can be prepared, for 
example, by reacting a diol compound with a diisocyanate compound, thereby obtaining a polymer having isocyanate 
groups or hydroxyl groups at both terminals thereof; and reacting the obtained polymer with a compound having both 
a functional group susceptive to addition reaction with these terminal groups and a polymerizable double bond. An 
unsaturated polyester can be prepared, for example, by subjecting a diol compound and a dicarboxylic acid compound 
to a dehydration-condensation reaction with each other, thereby obtaining a polymer having hydroxyl groups or carboxyl 
groups at both terminals thereof; and reacting the obtained polymer with a compound having both a functional group 
susceptive to addition reaction or condensation reaction with these terminal groups and a polymerizable double bond. 

As the ethylenically unsaturated compound (B), those disclosed in the patent publications mentioned above in 
connection with component (A) can be employed. Illustratively stated, examples of ethylenically unsaturated com- 
pounds usable in the present invention include esters of acrylic acid, methacrylic acid and fumaric acid, maleic acid; 
derivatives of acrylamide and methacrylamide; allyl esters; and styrene and its derivatives. More specific examples of 
ethylenically unsaturated compounds include ethylene glycol diacrylate or dimethacrylate, diethylene glycol diacrylate 
or dimethacrylate, propylene glycol diacrylate or dimethacrylate, dipropylene glycol diacrylate or dimethacrylate, pol- 
yethylene glycol diacrylate or dimethacrylate, polypropylene glycol diacrylate or dimethacrylate, butylene glycol diacr- 
ylate or dimethacrylate; trimethylolpropane triacrylate or trimethacrylate, pentaerythritol tetraacrylate or tetramethacr- 
ylate; N.N'-hexamethylene bisacrylamide or methacrylamide, diacetone acrylamide or methacrylamide, styrene, vinyl- 
toluene, divinylbenzene, diallyl phthalate, triallyl cyanurate, diethyl fumarate, dibutyl fumarate, dioctyl fumarate, dis- 
tearyl fumarate, butyloctyl fumarate, diphenyl fumarate, dibenzyl fumarate, dibutyl maleate, dioctyl maleate, bis (3-phe- 
nylpropyl) fumarate, dilauryl fumarate and dibehenyl fumarate. The ethylenically unsaturated compound is not limited 
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to these examples. These compounds may be employed individually or in combination. 

As the radical producer capable of producing a free radical upon being irradiated with an ultraviolet ray having a 
wavelength in the range of from 300 to 400 nm, benzoin derivatives, such as 2,2-dimethoxy-2-phenylacetophenone, 
can be employed. However, compounds respectively represented by the following formula (I) and formula (II) are 
5 preferably employed individually or in combination with each other or with other photopolymerization initiators from the 
viewpoint of obtaining a photocured resin product having a high contrast due to the color difference between an image 
portion and a non-image portion, since use of these compounds have an especially high effect on the color change: 



15 



20 



25 




C 2 H 5 



30 The other photopolymerization initiators usable in combination with these compounds are not particularly restricted. 

Generally, a photopolymerization initiator as the radical producer capable of producing a free radical upon being 
irradiated with an ultraviolet ray of a wavelength in the range of from 300 to 400 nm is incorporated in an amount of 
0.01 to 5 % by weight, based on the weight of the photosensitive resin composition. A suitable amount of the radical 
producer is chosen depending on the type and amount of the photo-color-changeable dye so that not only can the 
35 photosensitive resin composition have a satisfactory photosensitivity but also the dye can exhibit a color change at a 
light quantity given for forming a relief portion. From such a viewpoint, a particularly preferred amount of the photopo- 
lymerization initiator is in the range of from 0.1 to 3 % by weight. 

A protective polymer layer which may be provided on the surface of a cover sheet used in the present invention 
comprises a polymer (hereinafter frequently referred to simply as "a soluble polymer") which is soluble or dispersible 
40 in a solvent capable of dissolving or dispersing an uncured photosensitive resin composition. It is necessary that the 
protective polymer layer be transparent and have no tackiness, and can be washed out with a developer after light 
exposure. Examples of polymers suitable for forming this protective polymer layer include soluble polyamide, and 
cellulose esters, such as cellulose acetate butylate and cellulose acetate propionate. 

A solvent-soluble polymer layer can be provided on the surface of a cover sheet to thereby form a cover sheet 
45 composite. The cover sheet composite which can be employed in the present invention can be obtained by a method 
in which a solution which has been prepared by dissolving a soluble polymer in a solvent, is coated on a film made of 
a polyester and the like by gravure coating, reverse coating and the like, to thereby form a polymer layer. Generally, 
the solvent-soluble polymer layer has a thickness of 1 to 10 um 

A substrate used in the present invention is a dimensionally stable film made of a polyester and the like, and is 
so preferably coated with an adhesive of the type which is generally used in a flexographic printing plate. 

Thus, the photosensitive resin composition of the present invention can be laminated onto a substrate film, a cover 
sheet and the like, to thereby form a photosensitive element structure for use in the production of various types of 
printing plates, photoresists and the like in which a good contrasting color difference between the image portion and 
the non-image portion is provided. 
55 Accordingly, in another aspect of the present invention, there is provided a photosensitive element structure com- 

prising a substrate film having, disposed thereon in the following order, a photosensitive layer and a cover sheet, 
the photosensitive layer being comprised of a photosensitive resin composition as defined above. 
Preferred examples of methods for producing a photosensitive element structure for use in the production of a 
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printing plate by the use of the photosensitive resin composition of the present invention, include a method in which a 
cover sheet composite prepared by laminating a soluble polymer layer by coating and the like to a cover sheet made 
of a polyester film and the like, a photosensitive resin composition containing a photo-color-changeable dye, and a 
substrate film having an adhesive layer are disposed one upon another so that the soluble polymer layer and the 

s adhesive layer are in contact with the photosensitive resin composition and then, the resultant laminate is subjected 
to molding by pressing or calendering, thereby obtaining a photosensitive element structure. The cover sheet can be 
easily peeled off from the thus obtained photosensitive element structure before being subjected to light exposure. 

Alternatively, there may be employed a method in which a photosensitive resin composition in a molten state is 
laminated to a substrate film having an adhesive layer or to a cover sheet composite by T-die extrusion and then, a 

10 cover sheet composite or a substrate film is laminated thereto, followed by calendering. 

With respect to the order of the above-mentioned back exposure and relief exposure, it is not necessary to perform 
back exposure first. Relief exposure may be performed first, or both exposures may be performed simultaneously. 
Further, back exposure is not essential and can be omitted. Generally, however, from the viewpoint of obtaining a stable 
relief, it is preferred to perform back exposure and, in this instance, to perform back exposure before relief exposure 

15 as mentioned above. When back exposure is performed, it is necessary that the substrate film be transparent to actinic 
rays. 

The production of a flexographic printing plate from the photosensitive resin composition of the present invention 
can be conducted, for example, by the following method. There is provided a laminate structure (photosensitive element 
structure) comprised of a substrate film which may or may not have an adhesive layer, a photosensitive resin compo- 

20 sition, and a cover sheet which may or may not have a polymer layer (soluble polymer layer) which is soluble or 
dispersible in a solvent capable of dissolving or dispersing an uncured photosensitive resin. Then, the cover sheet is 
peeled off from the laminate structure while leaving the soluble polymer layer as it is. Next, back exposure is conducted 
over the substrate side [Step (a)] to cure the entire surface of the substrate side of the photosensitive resin composition 
and, further, an image bearing transparency, such as a negative film is closely disposed on the soluble polymer layer 

25 [Step (b)], followed by relief exposure through the image bearing transparency. In this instance, Steps (a) and (b) may 
be conducted in the reverse order. Further, an unexposed, uncured portion is washed out from the cured composition 
layer with a developing solution (for example, chlorine-containing solvents, such as tetrachloroethylene and 
1,1,1-trichloroethane and mixtures thereof with an alcohol), to effect development, thereby obtaining a relief printing 
plate. The thus obtained printing plate is washed and dried and then, subjected to post-exposure. The post-exposure 

30 may be conducted in water, and in such a case, the drying can be carried out after the post-exposure. 

As a light source to be used for back exposure, relief exposure and post-exposure, there can be employed a light 
source capable of emitting an ultraviolet ray having a wavelength in the range of from 300 to 400 nm, e.g., a chemical 
lamp or high pressure mercury lamp having a central wavelength in the range of from 360 to 370 nm. Light source 
intensity varies depending on the distance between a photosensitive element structure and a light source, but is usually 

35 in the range of from 1 to 15 mw/cm 2 . 

Back exposure is conducted with a light quantity in the range of from 0 to 1 ,500 mj/cm 2 according to the thickness 
to which the back surface is to be cured. 

Relief exposure is conducted with a light quantity in the range of from 3,000 to 14,000 mj/cm 2 according to the 
fineness of an image to be obtained. 

40 Post-exposure is conducted with a light quantity in the range of up to 1,500 mj/cm 2 . 

To remove the surface tack of the obtained plate, ultraviolet rays having a wavelength of less than 300 nm may 
be irradiated from a germicidal lamp. An ultraviolet ray having such a short wavelength does not have any effect on 
the desired color change of the dye used in the photosensitive resin composition of the present invention and, hence, 
can be irradiated over the surface of the plate in a quantity necessary for removing surface tack. 

45 

Best Mode for Carrying Out the Invention 

Hereinbelow, the present invention will be illustrated with reference to Examples, which however should not be 
construed as limiting the present invention. 

so 

Example 1 

A 10 % by weight toluene/ethanol (weight ratio: 80/20) solution of cellulose acetate butyrate (CAB-55 1-0.1 man- 
ufactured and sold by Kodak, U.S.A.) was prepared, and coated on a 100 ujn-thick polyester film by a bar coating 
55 method so that a coated layer having a thickness of 5 urn was obtained after drying. Thus, a cover sheet composite 
having a soluble polymer layer was obtained. 

3 kg of a polystyrene-polybutadiene-polystyrene block copolymer (styrene content: 40 %, melt index (Ml) under 
G conditions in accordance with ASTM D1 238: 1 2) as a binder polymer, 500 g of dioctyl f umarate, 200 g of polypropylene 



8 



EP0 511 403 B1 



glycol diacrytate, 90 g of 2,2-dimethoxy-2-phenyl acetophenone, 9 g of 2,6-di-t-butyl-p-cresol and 0.5 g of anthraqui- 
none dye Kayaset Green A-G (manufactured and sold by Nippon Kayaku Co., Japan) were kneaded in a kneader, 
thereby obtaining a photosensitive resin composition. 

The above-mentioned kneaded photosensitive resin composition was sandwiched between a 1 0Ofi-thick polyester 

5 film having a urethane adhesive layer and the cover sheet composite so that the photosensitive resin was in contact 
with the adhesive layer of the polyester film and the cellulose derivative layer of the cover sheet composite. The resultant 
laminate was subjected to molding in a pressing machine by pre-heating at 150 °C for 4 minutes and then pressing 
under 100 kg/cm 2 for 4 minutes, using a 3 mm-thick spacer. 

From the thus obtained photosensitive element structure, the polyester film remote from the substrate was stripped 

10 off to expose the cellulose derivative layer. A negative film was pressed onto the exposed cellulose derivative layer on 
an AFP-1500 light exposure machine (manufactured and sold by Asahi Kasei Kogyo K.K., Japan) and then, a back 
exposure was conducted from the substrate side at 750 mj/cm 2 , followed by imagewise exposure (relief exposure) 
through the negative film at 8000 mj/cm 2 . After the exposures, only a portion of the photocured resin plate which 
corresponded to a relief portion had undergone a color change from green into blue. These exposures were conducted 

is under the following conditions by means of a chemical lamp having a central wavelength at 370 nm. 

Back exposure: 150 seconds at a light source intensity of 5 mW/cm 2 

Imagewise exposure: 16 minutes and 40 seconds at a light source intensity of 8 mW/cm 2 

20 

Then, the photocured resin plate was subjected to development by using a developer comprised of tetrachloroeth- 
ylene/butanol (volume ratio: 3/1), and dried at 60 °C for 1 hour, followed by post exposure at 1000 mj/cm 2 using the 
same light source as employed for the imagewise exposure. Further, the plate was irradiated with rays from a germicidal 
lamp at 1500 mj/cm 2 to remove the surface tack. Thus, a flexographic printing plate was obtained. 
25 in the thus obtained printing plate, only the surface portion of the relief had undergone a color change into blue 

while allowing the non-image portion to remain unchanged light green, thereby providing a high contrast between the 
relief portion and the non-image portion. Due to the high contrast, in mounting the printing plate onto the cylinder of a 
printing machine, the positioning of the printing plate was able to be readily conducted. 

30 Example 2 and Comparative Example 1 

Photosensitive resin composition sheets were individually obtained in substantially the same manner as in Example 
1 except that the types and the amounts of the radical producer and the photo-color-changeable dye were varied. From 
the thus obtained sheets, flexographic printing plates were obtained in the same manner as in Example 1. Results 
35 obtained are shown in the table below. With respect to the plates of Run Nos. 1 to 7 shown in the table below, the 
positioning of the plate in mounting onto the cylinder of a printing machine was able to be readily conducted. By contrast, 
with respect to the plate of Comparative Example 1 , which was obtained without using a photo-color-changeable dye, 
it was difficult to distinguish the relief portion from the other portion, so that not only was the positioning not easy, but 
also the accuracy of the positioning was low. Results are shown in Table 1 . 

40 

Table 1 







Photo-color-changeable 
dye 


Radical producer (*) 


Color contrast in the 
obtained plates 


45 


1 


Kayaset Green A-G 


A: 2 % 


non-image portion: green 






0.005 % 


C: 0.1 % 


image portion: deeply dark 
blue 




2 


Kayaset Green A-G 


A: 1 % 


non-image portion: green 


SO 




0.02 % 


B: 0.2 % 


image portion: deeply dark 
blue 



'Radical producer 

A : 2,2-d imethoxy-2- ph eny laceto ph enone 

B: compound represented by the following formula (I) 

C: compound represented by the following formula (II) 
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Table 1 (continued) 







Dhr , itrt-/"'ft1 o r-T 1 h 9 n n o 9 h 1 o 
miuiv-WJiui-wi lai lytsauiu 

dye 


riduiuai piuuuoci y j 


Holor contrast in thp 

Uwtwl wwl 1 LI Qw L III LI IC7 

obtained plates 




q 
o 




A: 0.5 % 


nnn-imanp nnrtinn' nroon 

1 IKJl 1 II 1 IQUu Uwl UVI 1. U| OBI | 






0.1 % 


B: 0.3 % 


imaae oortion' deeDlv dark 
blue 




A 
H 


rxayclool alocN M O 


B: 1 % 


non-imnnp nnrtinn* nroon 


10 




\J.\JC. to 






im^np nnrtinn - riflpnlu dark 
blue 




5 


Oplas Violet 730 


A 


1 % 


non-image portion: purple 


15 




0.02 % 


B; 0.1 % 


image portion: deeply dark 
blue 




6 


Opias Blue 2N 


A 


1 % 


non-image portion: blue 






0.03 % 


B 


0.2 % 


image portion: purple 


20 


7 


Diaresin Blue G 


A 


1 % 


non-image portion: blue 






0.05 % 


B 


0.2 % 


image portion: purple 




Comparative Example 1 




A 


1 % 


non-image portion: light 
yellow 


25 






B: 0.2 % 


image portion: light yellow 



* Radical producer 

A: 2 r 2-dimethoxy-2-phenylacetophenone 

B: compound represented by the following formula (I) 

C: compound represented by the following formula (II) 



30 



35 



40 



45 




C 2 H 5 



50 

Comparative Example 2 

A photosensitive element structure was obtained in substantially the same manner as described in Example 1 
except that 0.5 g of Sumiplast Blue-G (trade name of dye manufactured and sold by Sumitomo Chemical Co., Ltd., 
Japan), which is the same anthraquinone dye as used in Example 1 of Japanese Patent Application Laid-Open Spec- 
ification No. 62-287234, was employed instead of the photo-color-changeable change dye. Next, the same subsequent 
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plate making procedure as described in Example 1 was repeated to obtain a flexographic printing plate. The thus 
obtained plate had a blue color in its entirety. The flexographic printing plate, which had no color difference between 
the relief portion and the non-image portion, was low in the contrast of a plate face. Thus, when the printing plate was 
mounted onto the cylinder of a printing machine, the positioning of the printing plate was difficult. 

5 

Industrial Applicability 

The photosensitive resin composition of the present invention contains an anthraquinone dye capable of exhibiting 
a color change to produce a fresh color upon being irradiated with an ultraviolet ray of a wavelength in the range of 
io from 300 to 400 nm in the presence of a radical producer capable of producing a free radical upon being irradiated 
with an ultraviolet ray having a wavelength in the range of from 300 to 400 nm. When this composition is used, for 
example, in the production of a printing plate by irradiation through a negative mask having a predetermined transparent 
pattern with an ultraviolet ray of a wavelength in a specific range and of a quantity of larger than a threshold value, a 
relief portion and a non-image portion which are different in color from each other are formed, thereby enabling pro- 
fs duction of a flexographic printing plate which has a good contrast of a plate face. The obtained printing plate is greatly 
improved in working efficiency and accuracy for positioning when the printing plate is mounted onto the cylinder of a 
printing machine, as compared to the conventional printing plate comprising a relief portion and a non-image portion 
both having substantially the same color. 

20 

Claims 

1 . A photosensitive resin composition for producing a relief printing plate, comprising: 

25 (A) at least one polymer selected from the group consisting of a binder polymer, a prepolymer and a mixture 

thereof; 

(B) an ethylenically unsaturated compound; 

(C) a radical producer capable of producing a free radical upon being irradiated with an ultraviolet ray having 
a wavelength in the range of from 300 to 400 nm; and 

30 (D) from 0.001 to 2 % by weight, based on the weight of the photosensitive resin composition, of an anthraqui- 

none dye capable of exhibiting a color change to produce a fresh color upon being irradiated with an ultraviolet 
ray having a wavelength in the range of from 300 to 400 nm in the presence of said radical producer (C), said 
color change to produce a fresh color exhibited by an anthraquinone dye being defined as an appearance of 
a new absorption peak in a 400 to 700 nm wavelength range of a visible absorption spectrum of the dye at a 

35 position distant by at least 40 nm from the absorption peak of the dye in an original state, 

said radical producer (C) being at least one member selected from the group consisting of: 
a compound of formula (I): 

40 



45 




so 



a compound of formula (II): 

55 
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C -N(CH 3 ) 2 
C 2 H 5 



(ID 



and a benzoin derivative, 

said dye (D) comprising at least one member selected from the group consisting of a compound of formula 



or a derivative thereof, and compounds identified as Color Index No. C.I. Solvent Violet 1 3, Color Index No. C.I. 
Solvent Blue 35, and Color Index No. C.I. Solvent Violet 33. 

2. A photosensitive resin composition according to claim 1 , wherein said binder polymer comprises a thermoplastic, 
elastomeric block copolymer. 

3. A photosensitive resin composition according to claim 2, wherein said prepolymer comprises an unsaturated poly- 
urethane or an unsaturated polyester. 

4. A photosensitive element structure comprising a substrate film having, disposed thereon in the following order, a 
photosensitive layer and a cover sheet, said photosensitive layer comprising a photosensitive resin composition 
as claimed in claims 1 , 2, or 3. 

5. A photosensitive element structure according to claim 4, which further comprises a protective polymer layer dis- 
posed between said photosensitive layer and said cover sheet, said protective polymer layer being soluble or 
dispersible in a solvent capable of dissolving or dispersing the photosensitive resin composition of said photosen- 
sitive layer. 



Patentanspruche 

1. Photosensitive Harzzusammensetzung zur Hersteliung einer Relief druckplatte, welche umfaGt: 



(HI): 
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(A) mindestens ein Polymeres, das aus der aus einem Binderpolymeren, einem Prepolymeren und einem 
Gemisch davon bestehenden Gruppe ausgewahlt ist; 

(B) eine ethylenisch ungesattigte Verbindung; 

(C) einen Radikalbildner, der durch Bestrahlung mit ultravioletter Strahlung einer Wellenlange in dem Bereich 
von 300 bis 400 nm ein freies Radikal bilden kann; und 

(D) 0,001 bis 2 Gew.-%, bezogen auf das Gewicht der photosensitiven Harzzusammensetzung, eines Anthra- 
chinonfarbstoffes, der bei Bestrahlung mit Ultraviolett-Strahlung einer Wellenlange im Bereich von 300 bis 
400 nm in Anwesenheit des Radikalbildners (C) zu einem Farbwechsel unter Bildung einer neuen Farbe be- 
fahigt ist, wobei der von einem Anthrachinonfarbstoff gezeigte Farbwechsel zur Bildung einer neuen Farbe 
als das Auftreten eines neuen Absorptionspeaks in einem Wellenlangenbereich von 400 bis 700 nm des sicht- 
baren Absorptionsspektrums des Farbstoffs in einer Position, die mindestens 40 nm von dem Absorptionspeak 
des Farbstoffs in seinem ursprunglichen Zustand entfemt ist, definiert ist, 

wobei der Radikalbildner (C) mindestens ein Mitglied aus der aus folgenden Verbindungen bestehenden 
Gruppe ist: eine Verbindung der Formel(l): 



O CH 3 

j — v I I / V 

CH 3 S-^0)- C - C - N^O (I) 

CH 3 



eine Verbindung der Formel (II): 



O CH 2 -{0) 
O^N -@>- C - C -N(CH 3 ) 2 (II) 



C 2 H 5 



und ein Benzoinderivat; 

wobei der Farbstoff (D) mindestens ein Mitglied aus der unter Verbindungen der Formel (III): 



OH O NH-(O) 



oco 

,-<o> 



(III) 



I 1 I 

OH O NE 



Oder einem Derivat davon und den Verbindungen, die als Color Index No. C.I. Solvent Violet 13, Color Index No. 
C.I. Solvent Blue 35 und Color Index No. C.I. Solvent Violet 33 definiert sind, bestehenden Gruppe umfaGt. 



Photosensitive Harzzusammensetzung gemaB Anspruch 1 , wobei das Binderpolymere ein thermoplastisches ela- 
stomeres Blockcopolymeres umfaGt. 
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3. Photosensitive Harzzusammensetzung gemaB Anspruch 2, wobei das Prepolymere ein ungesattigtes Polyurethan 
Oder einen ungesattigten Polyester umfaBt. 

4. Photosensitive Elementstruktur, die eine Substratfolie umfaBt, auf die in der nachfolgenden Reihenfolge eine pho- 
tosensitive Schicht und eine Deckfolie aufgetragen sind, wobei die photosensitive Schicht eine photosensitive 
Harzzusammensetzung gemaB den Anspruchen 1 , 2 Oder 3 umfaBt. 

5. Photosensitive Elementstruktur gemaB Anspruch 4, die weiter eine schutzende Polymerschicht umfaBt, die zwi- 
schen der photosensitiven Schicht und der Abdeckfolie aufgetragen ist, wobei die schutzende Polymerschicht in 
einem Losungsmittel loslich Oder dispergierbar ist, welches die photosensitive Harzzusammensetzung der pho- 
tosensitiven Schicht aufldsen oder dispergieren kann. 



Revendications 

1. Composition de resine photosensible pour produire une plaque d'impression en relief, comprenant : 

(A) au moins un polymere choisi dans la groupe constituS d'un polymere liant, d'un prepolymere et d'un me- 
lange de ces derniers ; 

(B) un compose a insatu ration ethylenique ; 

(C) un formate ur de radicaux capable de produire un radical libre apres exposition a un rayonnement ultraviolet 
ayant une longueur d'onde comprise entre 300 et 400 nm ; et 

(O) de 0,001 a 2 % en poids, par rapport au poids de la composition de resine photosensible, d'un colorant 
anthraquinonique capable de presenter un changement de couleur pour produire une couleur fratche apres 
avoir 6te expose a un rayonnement ultraviolet ayant une longueur d'onde comprise entre 300 et 400 nm en 
presence dudit formateur de radicaux (C), le changement de couleur conduisant a la production d'une couleur 
fratche, pr^sente* par un colorant anthraquinonique, 6tant defini par ('apparition d'un nouveau pic d'absorption 
dans un intervalle de longueurs d'onde de 400 a 700 nm du spectre d'absorption dans le visible du colorant 
en un point situe a une distance d'au moins 40 nm du pic d'absorption du colorant dans son etat original, 

le formateur de radicaux (C) 6tant au moins un compost choisi dans le groupe constitue : 

d'un compost de formule (I): 



O 



CH 



3 




(I) 



CH 



3 



d'un compost de formule (II) : 




(id 



et d'un d6riv6 de la benzol ne, 
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le colorant (D) comprenant au moins un compose choisi dans le groupe constitue d'un compose de formule 

(HI): 




(III) 



ou d'un de ses derives, et de composes identifies sous les noms Color Index N° C.I. Solvent Violet 13, Color Index 
N° C.L Solvent Blue 35 et Color Index N° C.I. Solvent Violet 33. 

Composition de resine photosensible selon la revendication 1 , dans laquelle le polymere liant comprend un copo- 
lymer sequence elastomere thermoplastique. 

Composition de resine photosensible selon la revendication 2, dans laquelle le prepolymere comprend un polyu- 
rethanne insature ou un polyester insature. 

Structure a Elements photosensibles comprenant un substrat pelliculaire comportant, disposees sur ce dernier 
dans I'ordre indique, une couche photosensible et une couche de couverture, la couche photosensible comprenant 
une composition de resine photosensible selon les revendications 1, 2 ou 3. 

Structure a elements photosensibles selon la revendication 4, qui comprend en outre une couche d'un polymere 
protecteur disposee entre la couche photosensible et la couche de couverture, la couche d'un polymere protecteur 
etant soluble ou dispersible dans un solvant apte a dissoudre ou a disperser la composition de r6sine photosensible 
de la couche photosensible. 
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